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Power Cost Accounts
I. STEAM

By John Whitmore
“ If we were keeping a set of books, we would charge against the
boiler house every pound of coal or gallon of oil delivered to the
bunkers or tanks. On the other side of the book we would credit the
boiler house with every pound of steam generated in the boilers.
But to do this we must necessarily have some unit of value common
to both steam and coal, so that one side can be checked against the
other. The heat units in the steam and the heat units in the coal
provide us with a common unit of value.” (Beard, Industrial
Management, July, 1923.)

The purpose of factory cost accounts is to measure the economy
of manufacture and consequently to measure wastes. Economy
in the use of materials and labor have long received what may
perhaps be called almost universal attention. Other expenses
of manufacture have doubtless been given much thought, but
they have certainly not been subjected to the same strict account
ing. If the relative importance of the different expenses fur
nished a reason for this in times that are past, it cannot be said
to do so in the present. The expenses often in the past thrown
together and called “overhead” have been growing in individual
importance. This is particularly true of the expense of power.
A study made a few years ago by the National Industrial Confer
ence Board resulted in the statement that between 1899 and 1923,
installed primary power for industrial purposes in the United
States increased 236 per cent., while the number of wage earners
increased only 90 per cent. It is probable that these percentages
have moved even farther apart since then.
In the past few years the costs of generating power have been
greatly reduced, and the results achieved have been given wide
publicity in current engineering literature, so that new stand
ards have been made available for quite general use. Especially
this has been true relative to fuel values and the efficiencies of
boiler operation and the operation of prime movers and genera
tors, and the cost of the kilowatt hour of electrical energy.
Beyond this point, however, there are two considerations of weight
for the individual manufacturer. The first is that power economy
is not only economy in the development of the unit of mechanical
or electrical energy, but in all the further uses of steam, and in
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all transmissions and applications of power; and, second, that
the conditions of economy can scarcely be the same in any two
manufacturing plants.
There is a further consideration, always to be borne in mind.
The generation and transmission of power are operations com
plete in themselves, the product of which cannot (with certain
limited exceptions) be stored, but which flows continuously into
other operations. The product of the power plant must be
delivered continuously, reliably, and in the varying measures in
which it is needed, for the other processes of the factory. The
final test of the economical operation of the power plant is not
merely in the cost of its product, but in the degree of the precision
of its service.
I believe that, supplementing all the work of power engineers,
power cost accounts are essential to ultimate power economy in
industrial plants, as they are essential for the purpose of charging
the costs of power to the various processes and products with any
approach whatever to accuracy.
It is my purpose therefore in these articles to consider the
bases and the processes of power cost accounts, from the pur
chase of coal, which is the fuel of the great majority of factory
power plants, to the application of power in the manufacturing
processes.
COAL

The first accounts to be kept are the coal storage accounts.
These should be of the type common to materials which have
these two characteristics: first, that they carry varying quantities
of moisture, and second, that their value is not in their total bulk,
but in certain qualities and contents which can be determined
and stated. In the case of coal, the contents upon which the
accounting is to be based are expressed as British thermal units.
But beyond the British thermal units, or potential heat value,
there are other qualities of the coal which have their important
effects upon the economy of the boiler operation. All of these
must be taken into account in considering the justification of the
expense of sampling, analysis, and the maintenance of records.
In controlling, comparing and judging the results in smelting
processes, the complete analyses of the ores are to be watched for
all the influences which are affecting the operating results, and
they will not be so watched unless they are tabulated in such
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form that the observing of them is facilitated. I believe there is
here an exact parallel between the operation of the smelting fur
nace and the operation of the boiler furnace.
The methods of sampling, crushing, combining and quartering
down, to obtain a final sample for analysis, both as to coal re
ceived and coal fed to the boiler furnace, are well known. The
frequency of sampling and the extent to which samples may be
combined, depend principally upon the uniformity of the quality
of the coal, and naturally to some extent upon the quantities
consumed. Power engineers have said that every car received
should be sampled, and that of the coal fed to the boilers frequent
sampling throughout the day should be made, and that sometimes
the analysis of each daily sample is advisable, and that in no case
should the daily samples for more than one week be combined for
*
analysis.
The first analysis by which the value of coal is determined,
called the “proximate analysis,” i. e., the separation of the coal
into its constituent compounds,† is as follows, by percentages:

Moisture
Volatile matter
Fixed carbon
Ash

Then there are separate determinations for:
Sulphur
Fusion point of ash
Heat value of coal in British thermal
units per pound
Moisture is, of course, water content, the percentage of which is
to be deducted from the gross weight to give the weight of dry
coal. Ash is incombustible material, for which nevertheless all
expenses in connection with the coal from receiving to feeding
to the boiler furnace are incurred proportionately, and beyond
the furnace operation there is the expense of ash removal. Ash,
also, in proportion to its own quantity, will carry away with it
more or less unburnt coal. A minimum of 5 per cent. ash is said
to be necessary,‡ but boiler coals contain up to 20 per cent. ash.
* Beard, Industrial Management, December, 1923. Gibson, Industrial Management, Decem
ber, 1925.
† There is an “ultimate analysis” into chemical elements, with which we are not immediately
concerned.
‡ Gibson, Industrial Management, September, 1926. Kreisinger and Cross, Industrial
Management, December, 1928, state different percentages of desirable ash, dependent upon the
method of firing.
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As regards sulphur I quote: “Sulphur should not exceed one per
cent. Excessive sulphur will corrode all iron or steel which may
come in contact with the gases of combustion.”* And again “A
high sulphur coal is the enemy of all grates and those stoker parts
exposed to the heat of the furnace.” † Volatile matter is valuable
fuel gas, but if present in excessive quantity may be disadvan
tageous in operation, or under unsuitable conditions may be largely
wasted.‡ As regards the fusion point of ash, I quote again: “ A coal
with a fusion point of ash too low for the conditions under which it
is burned will cause serious losses, even to the shutting down of
the plant.” § The British thermal unit is the heat required to raise
the temperature of one pound of water one degree Fahrenheit.||
The foregoing I think establishes the importance of a sufficient
series of analyses of coal received. The necessity for analysis of
coal fired, beyond the moisture determination, may depend upon
the manner in which analyses of coal received are recorded, and
upon how far the methods of storage permit the identification of
the coal going into consumption with the original analysis of the
same. There is also enough in the foregoing quotations, and
much more in the sources quoted from, to suggest that the
economies of different coals may not be very satisfactorily
compared, unless beyond the comparison of all other costs there
is allowance for difference in expense of repairs consequent upon
using different grades of coal.
I have referred to the advantage of such storage, and such
records of coal in storage, as shall furnish ready identification
of the coal going into consumption with its original analysis.
There are, in addition, other considerations which should in
their respective measures govern coal storage methods. Fairly
frequent clean-ups are necessary for the final verification of quan
tities reported consumed: there must be limits to the quantities
stored without the separations which make clean-ups possible.
The construction of bins of the proper size and character for the
storage of coal is almost surely a great economy in the long run,
for the reasons above mentioned and to guard against loss of heat*§
* Gibson, Industrial Management, September, 1926.
† Beard, Industrial Management, November, 1923.
‡ Myers’ “Factory Power Plants,” Engineering Magazine, 1915, page 72; and Gibson, Indus
trial Management, September, 1926.
§ Gibson, Industrial Management, September, 1926; also Beard, Industrial Management,
November, 1923.
││ This is not exact at all temperatures, but it is practically exact within the range of boiler
feed water temperatures. In the steam tables, hereafter referred to, the B. t. u. content of the
pound of water is exactly the temperature of the water less 32, for the single temperature of 212°
only.
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value from different causes. ** As far as possible only coal of a
substantially uniform character should be placed in a single bin.
The coal storage ledger may now be ruled as follows:
Storage No........
DEBITS
Inclusive
cost
dry ton

received, it is only necessary to turn to the coal stores ledger
page for the coal being used, to have all its characteristics plainly
before one.
There are various means of weighing coal to the boilers, the best
of which are automatic scales recording the weight of coal fed
to each boiler separately.
We are now at the point where coal is fed to the boilers, its
quantity and all costs per ton to this point known, and its heat
value known. And nothing has been done (I was on the point
of saying with the exception of a little clerical work having a
trivial cost, but I doubt even this exception) beyond what is
necessary to the engineering control of the boiler operations.
WATER

If water were fed to the boilers, for example, as purchased from
a water company, it would merely be necessary to charge the
* Beard, Industrial Management, August, 1923.
† 100,000 B. t. u. corresponds to 7 or 8 pounds of coal, and seems to me convenient. A
unit of 1000 B. t. u. is used, called the kilo B. t. u. with the symbol kb, and 1,000,000 B. t. u.
called the mega B. t. u. with the symbol mb. (Marks' Mechanical Engineers' Handbook, page
1125.)
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boilers with the portion of the water company’s bill corresponding
to the quantity of water metered to the boilers. Two things,
however, may and probably will, intervene. These are purifica
tion of the water and preheating of the water.
The subject of the purification of boiler feed water has been
dwelt upon at length for many years and in many places. It will
suffice here to quote the opening sentence in the article on the
subject in Marks' Mechanical Engineers' Handbook, 1930, page
1136: “The purification of feed water and the maintenance of the
proper boiler-water conditions are essential to the efficient
operation of steam boilers. The troubles to be guarded against
are scale, corrosion, caustic embrittlement, foaming and priming.”
We may assume therefore that the power cost accounts will
include expenses of feed water treatment. Such expenses will
include labor, power, chemicals (as drawn from stores and used),
laboratory charges, and repair and amortization reserves for the
purification plant.
The preheating of the boiler feed water leaves less work for the
boilers to do, and consequently increases their capacity.
The supplying of hot water to the boilers is accomplished in
various ways. If the engine is condensing, the water from steam
condensed is returned to the boilers, containing more or less heat
according to the temperature of the exhaust steam condensed.
If the engine is non-condensing, the exhaust steam, containing
somewhere in the neighborhood of 90 per cent. of the heat in the
steam as delivered to the engine, may be used to heat the boiler
feed water. Or the exhaust steam may be used for various
manufacturing processes and for factory heating.
The heating of the boiler feed water may be accomplished by
secondary uses of the heat from the boiler furnace, and before
the water enters the boiler proper. The boilers may be equipped
with economizers in which the water is heated by means of waste
gases from the boiler operation. Or the boiler furnace may be
water-cooled and water for the boiler heated thereby.
If the boiler feed water is heated with heat that does not belong
to the boiler at the time it is used for the purpose, such heat must
be charged to the steam production and credited to the power
plant operation furnishing it. The temperature of the boiler
feed water is to be determined and recorded after such heating.
But if it is heated by secondary uses of heat from the boiler
furnace, as by means of an economizer, the heat belongs to the
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boiler, and the temperature of the feed water is determined and
recorded before such heating.
It is desirable that both water to the boilers and steam from the
boilers be metered, but if only one of these is metered, the
quantity of the other can with due allowances be calculated.
The weight of water evaporated and the weight of steam pro
duced are the same, but not quite all the water fed to the boilers
is evaporated. The difference is said to be due to "leaks and
blowdowns.”
The heat content in British thermal units per pound of water
at the various temperatures respectively, are given in the steam
tables in Marks’ Mechanical Engineers’ Handbook. For feed
water temperatures they are always approximately, and at one
point (as already noted) are exactly, the temperature of the water
less 32° (the degrees Fahrenheit for which the heat units are 0).
The figure given by the steam tables has merely to be multiplied
by the pounds of water to ascertain the total heat content of
the water as fed to the boilers.
In the steam tables, however, heat content is stated on the
basis of the zero point for heat being 32° Fahrenheit. For power
accounting purposes I believe some temperature corresponding
to the average temperature of water entering the plant, or the
average temperature of the atmosphere, needs to be substituted.
The heat content of water or steam between 32° Fahrenheit and
such average temperature (which may perhaps be taken to be
60°) has neither cost nor recoverable value, and should not enter
into the determination of the price at which water or steam is to
be credited to one process and debited to another in the course
of the accounting. For this is what occurs, if the steam cost at
the boilers is divided by British thermal units representing all
heat value over 32°. A unit value below actual cost is deter
mined, and (toillustrate) anon-condensing engine, with a net debit
(assuming uses within the plant for all exhaust steam) for only
the difference between heat value in the steam entering the engine,
and heat value in the exhaust, is charged below the cost of its
consumption.
I suggest therefore that the theoretical heat value in water
entering the plant (the difference between 32° and actual tempera
ture) be disregarded, and that the heat values of boiler feed water
and steam be calculated on the basis of 60° as zero point for heat.
This involves the deduction of the theoretical heat content
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between 32° and 60° from all steam table British thermal unit
figures.
STEAM

We have now considered the boiler feed water and its heat
content; and the coal burnt and its heat value. It remains to
consider the quantity of the steam produced, and the heat content
of the steam. It is necessary to complete the two sides of the
boilers account, as the latter is described in the quotation at the
head of this article.
Steam is of two characters, called respectively saturated and
superheated. Saturated steam is the immediate product of
evaporation. Its temperature corresponds to its pressure: if
either is known the other is known. The temperature at which
water evaporates depends upon the pressure under which evapo
ration takes place. At sea-level, where the atmospheric pressure
is 14.7 pounds to the square inch, the boiling point of water is
212°, but at any point above sea-level, with atmospheric pressure
less than 14.7 pounds to the square inch, the boiling point of
water is less than 212°, atmospheric pressure and boiling point
always corresponding. So with boiler pressures above 14.7
pounds to the square inch, the evaporation point, that is the
temperature at which water changes into steam of the same
temperature, is above 212°, boiler pressure and temperature
always corresponding.
If water is fed to the boilers below the evaporation temperature
under the existing pressure, the task of the boilers is first in
raising the temperature of the water to the evaporation point,
and second in changing the water into steam of the same tempera
ture. The heat added in the first becomes sensible heat first in
the water and then in the steam, and the heat used in the second
becomes latent heat in the steam. It is spoken of as the “latent
heat of evaporation.” * The quantity of the latent heat of
evaporation depends upon the temperature at which evaporation
takes place. In evaporation at 14.7 pressure and 212° tempera
ture, the British thermal units which become latent heat are
970.2, and the heat content of a pound of steam is 212 — 32+970.2
or 1150.2 B. t. u.
* “Latent heat is the heat which apparently disappears in producing some change in the
condition of a body without increasing its temperature. ... It is not lost, but reappears when
the substances pass through a reverse cycle, as from a gaseous to a liquid state. ... In the
conversion of water into steam, it is expended in overcoming the molecular cohesion of the
particles of the substance, and in overcoming resistance of external pressure to change of volume
of the heated body.” (Steam—Its Generation and Use, Babcock & Wilcox Company, 1916.)
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As pressures and temperatures rise above 14.7 pounds and 212°,
the latent heat of evaporation falls, until, for instance, at 250
pounds pressure and 400.97° temperature it is 824.5; and at 1000
pounds pressure and 544.58° temperature it is 643.5. At 3226
pounds pressure per square inch, with temperature 706.1, the
latent heat of evaporation is 0.
But above 14.7 pounds and 212°, the heat content in British
thermal units of a pound of steam is no longer the sum of the
temperature less 32, and the latent heat, but increasingly in
excess of such sum. With a pressure of 250 pounds per square
inch, for example, the temperature is 400.97°. Deducting 32 we
have 368.97. The latent heat of evaporation is here 824.5.
This would give a total of 1193.47. But the heat content of a
pound of steam at this pressure and temperature is 1200.5. At
3226 pounds pressure, the temperature of the steam is 706.1.
Deducting 32 we have 674.1, and the latent heat of evapora
tion nothing, but the heat content of the pound of steam is
925.
The figures of latent heat and heat content for steam at all the
various pressures and corresponding temperatures are the result
of long research (still continued for possible further correction),
and are embodied in the steam tables to be found in all the
mechanical engineering handbooks. The figures given above are
taken from Marks' Mechanical Engineers' Handbook, 1930,
pages 333-337. I have transcribed a few of the figures to indicate
the course they take, but with steam metered and steam pressures
recorded, the heat content in B. t. u. of saturated steam produced
can be ascertained immediately by the use of the tables. While
these, as noted, cover pressures up to 3226 pounds, it is said that
central stations use pressures up to 1400 pounds only, and that
the highest pressure being used in the United States, 1800
pounds, is in an industrial plant.
*
Steam pressure gauges, however, indicate and record pressure
above atmospheric pressure, whereas steam tables are all based
on “absolute” pressures. Absolute pressure is gauge pressure
plus atmospheric pressure, for sea-level or altitude as the case
may be. For example 101.3 gauge pressure at sea-level is in
creased by 14.7 atmospheric pressure, giving 116 absolute
pressure. Consequently all the figures stated in the steam tables
for 116 pounds per square inch absolute pressure, are applicable
* Marks' Mechanical Engineers’ Handbook, page 1130.
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when the pressure gauge indicates 101.3 pounds pressure per
square inch, at sea-level.
The weight of steam produced is most accurately ascertained
by the use of steam flow meters, and even this is subject to correc
tion for moisture, that is unevaporated water, in the steam,
unless the latter is either superheated, or metered after passing
through a steam separator. Correction of the quantity of
metered steam for moisture contained therein, is made by the
use of certain instruments called throttling calorimeters or
separating calorimeters.
*
“Superheaters consist of a bank of tubes (exposed to the heat
of the furnace gases), through which steam generated in the
boilers is passed before it is delivered to the main steam line.
This superheating of the steam evaporates all the moisture and
heats the steam to a very high temperature.” †
The temperatures of superheated steam are recorded by
recording thermometers, and, just as for saturated steam, there
are tables for superheated steam. In these tables, against each
pressure and corresponding saturation temperature, the heat
content per pound of steam is stated for the various temperatures
of superheated steam (Marks’ Mechanical Engineers’ Handbook,
pages 338 and 339). So again, merely with the information given
by recording instruments and steam tables, the heat content of
the pound of steam is readily ascertained. I have, however,
already suggested that the steam table figures be adjusted to 60°
Fahrenheit (instead of 32°) as zero point for heat for the purposes
of the accounts.
If the coal weighing and steam metering equipment are com
plete for each boiler separately, there should be a separate record
for each boiler, subsidiary to the boilers account in the power cost
ledger.
When we come presently to the tentative schedule of accounts
to be kept in the power cost ledger, it will be necessary to take
into consideration one possible condition, not so far mentioned,
namely, that coal may be used in pulverized form.
EQUIPMENT

First, however, it seems necessary to pause to consider certain
fundamental conditions of all factory accounts; equally of power
* Marks' Mechanical Engineers’ Handbook, pages 2041 and 2042; and Beard, “Compendium
of Power Plant Equipment,” Industrial Management, December, 1924.
† Beard, “Compendium of Power Plant Equipment," Industrial Management, December, 1924.
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plant accounts, and of all other factory process accounts. In all
we are dealing with plant charges, that is with the cost of plant
and with the expense of repairs and renewals.
The first thing that is desirable, and even essential, at the outset
of all factory accounting is an orderly inventory of the plant with
the costs or values for all the items in it. Briefly one may say
that this should be in the form, or as nearly as possible the equiva
lent thereof, in which plant appraisals are stated by appraisal
companies. In each division of the factory accounts one must
know all the plant costs or values involved, to make it possible
that amortization charges in respect of all of them shall be brought
justly into the costs of products. Even when this information is
available, and the lifetime of the various units carefully judged,
there is an important question as to the accounting method.
To illustrate, it is plain that the cost of a boiler is a part of the
cost of the total steam produced in it between the time it is new
and the time it is worn out. The cost of the coal consumed is
also a part of the cost of the steam produced. But between
these two costs there is a distinction, long a subject of discussion.
The item of coal cost is paid for month by month, practically as
it is used. The item of boiler plant cost is paid in advance, we
may say, for twenty years.
There is a method of calculating plant amortization charges by
which an equal sum is charged into the cost of the product in
each year throughout the life of an item of construction or equip
ment, but whereby the sum of these charges in the years of
the calculated life is not merely the original cost of such an item,
but the original cost plus interest on the balances remaining
unextinguished from year to year. The unextinguished balance
(cost, less amortization to date) is, of course, falling from year
to year, and the interest thereon is falling. It follows that the
part of the annual charge which is amortization of cost is corre
spondingly increasing, for the total annual charge is always the
same. The annual charge to operation has its corresponding
credit partly in the reserve for amortization of cost and partly in
an interest account and so in the profit and loss account. The
effect is that the cost is exactly extinguished in the calculated
life, while the expense of any interest is offset to the extent of the
interest credit on the unextinguished balance of plant investment.
That this is exact accounting may be seen more clearly if it is
supposed that the capital for investment in plant is borrowed,
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and is repaid year by year as an amortization rate is reserved
out of profits. The interest debited profit and loss in this con
nection, and the interest credited, would then be equal (if the
interest rates were equal) in each year. The charge against
operations, and so into the cost of products, is the same in every
year. The accounts of every year are in this respect upon exactly
the same basis, whereas with a different method all years might
bear an equal amortization charge (sufficient to extinguish cost),
but the earliest year would bear the maximum expense of invest
ment (whether capital were owned or borrowed makes no differ
ence) and all later years a decreasing expense.
I do not think the procedure just described has its highest
importance in manufacturing accounts, where investment in
plant tends to be fairly constant. Its highest importance is
where there is a large investment in wasting assets. But it is no
less just, it no less reflects the truth, in the one case than in the
*
other.
Still more imperative, it seems to me, is special consideration of
the expense of repairs and renewals. In the case of the boiler
this expense is certainly a part of the cost of steam, i.e., a part
of the cost of all steam produced. But far from being incurred
evenly every day or every month that the boiler is operated, it is
incurred at fairly long intervals and often in rather large amounts,
and as regards the individual boiler, at times when no steam at all
is being produced. Obviously the only way by which the expense
can be made to fall upon all the steam production equally is to
make constantly an equal reserve for repairs and renewals in each
month and year of actual running. The alternative, which we
have all seen in actual practice, is to have the steam costs run up
from time to time to perfectly unreal figures because repairs
which correspond perhaps to a year’s operation are made in a
small fraction of the year.
It is therefore assumed in the present article that the plant
amortization charges in each month’s accounts are equal charges
per month throughout the life of the units of equipment, and
that these are calculated to provide for initial cost plus interest
annually upon the unextinguished balances of the same; and that
the repairs and renewals charges are constant equal charges per
month, sufficient according to the best engineering judgment
*See Principles of Depreciation, Saliers, Ronald Press, 1918, pages 152-158; and “Annuity
Method of Depreciation,” David Himmelblau, Proceedings International Congress on Accounting,
New York City, 1929, pages 335-350.
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available, to provide for the repairs and renewals expense to be
incurred throughout the lifetime. Except that, as I have already
suggested, it may be very proper and necessary to use different
rates for boiler repair and renewal reserves according as the coal
used is of high or low quality, and even according to its special
characteristics.
I have in the foregoing referred to one fuel only, but steam is
generated with various fuels—coal, oil, and natural gas, and vari
ous waste fuels, especially the waste gases from steel works blast
furnaces. Waste fuels should be credited to waste fuel accounts
at their value as ascertained in the steam production from them,
and the relative cost of available purchasable fuels. The waste
fuel accounts should then be charged with all the expenses of
operation, repairs and renewals, and amortization, in connection
with all equipment for their recovery, transmission or transporta
tion, and delivery to the boilers. Balances thereafter remaining
at the credit of waste fuel accounts are to be transferred to the
credit of the processes producing them. The credit for steam
produced by boilers operated with the waste heat of metallurgical
furnaces is to be determined according to the same principles.
ACCOUNTS

I will close the present article with a tentative outline of the
boilers account, and the accounts preliminary thereto in the power
cost ledger. As regards coal, the debits to the power cost ac
counts begin with the coal transferred from storage to boilers,
credited in the coal stores ledger, already described. The first
account in the power cost ledger may be:
Coal Unloading, Storing, Crushing, Etc.

to include conveying to boiler house, weighing and analyses
The debits are:
The credits are:
Labor
Boilers account
Power
at rates per ton for these
Supplies
expenses adjusted to approximate
Laboratory charges
current costs as shown by the account
Miscellaneous expenses
Repairs and renewals reserve
*
Plant amortization reserve
•
* By means of series of standing repair orders (for all small repairs), and series of special
repair orders (for all larger repairs), repairs and renewals are very simply recorded and totaled
monthly for each separate class of equipment. The power engineer must establish the series
of standing repair orders, and the corresponding analysis of the repair expenses will auto
matically follow.
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Or if the coal for the boilers is pulverized, the credits to the ac
counts in the coal stores ledger, and to the foregoing account for
unloading, storing, etc., will be debits to the pulverizing account,
which may be as follows:
Coal Pulverizing Account

Debits
Coal at pulverizing plant, raw and in
process, at beginning of month

Balance from the previous month
determined as described in con
nection with the closing credit
hereto.

Coal delivered to pulverizing plant in
the month

Delivery from cars as received; or
weighing from storage, and sampl
ing at least for moisture. The
storage accounts should give the
thermal unit contents per unit of
dry coal weight, with satisfactory
closeness.

Unloading, storing, conveying, etc.

Average of all costs per ton from
unloading to delivery at pulveriz
ing plant, whether storage inter
venes or not.

Pulverizing plant expenses:
Labor
Steam
Electric current—power
“
“
—light
Supplies
Laboratory charges

Debits
Miscellaneous expenses
Superintendence
Repairs and renewals reserve
Plant amortization reserve
Credits
Boilers account (or an intervening
boiler house storage account)

Pulverized coal weighed to boiler
house bunkers, sampled for moisture and B. t. u. determinations;
at cost as shown by this account
for the month.

Coal at pulverizing plant, raw and in
process, at close of month

The foregoing account must have columns for gross weights,
dry weights, and heat values in British thermal units, and these
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must be entered for the coal received and the coal delivered.
The weight of any waste material rejected in the pulverizing plant
must be entered in the gross weight and dry weight credit columns
only. The columns will then give balances of gross weights and
dry weights and heat values which should be a statement of the
inventory at the end of the month in these terms, but which
should be verified by such survey as is practicable and by seeing
that dry weight and heat value figures are consistent. The
value of the inventory may then be taken to be the dry weight
balance at the average cost of dry coal per ton as charged to the
account. After determining the value of the closing inventory,
the balance is the cost of pulverized coal delivered to the boiler
house.
The next accounts are for expenses of feed water treatment.
These should be closed by a journal entry at the end of the month,
debiting the total of them to the boilers account.

Water treatment—Labor
“
“
“
“
“
“
“
“
“
“

—Chemicals
—Steam
—Electric current—power
—Electric current—light
—Supplies
—Laboratory charges
—Miscellaneous expenses
—Superintendence
—Repairs and renewals reserve
—Plant amortization reserve

The next accounts are for the expenses of boiler operation.
These should be closed by a journal entry at the end of the
month, debiting the total of them to the boilers account.
Boiler operation—Labor

“
“
“
“
“
“
“
“

—Steam
—Electric current—power
—Electric current—light
—Supplies
—Miscellaneous expenses
—Superintendence
—Repairs and renewals reserve
—Plant amortization reserve
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Boilers Account*

Debits

Water—new.........................................
“ —condensate............................
Expenses of feed water treatment. .
Exhaust-steam heat-content used for
pre-heating feed water (heat con
tent received over 60° F., from
metered or calculated quantities
and recorded pressures, less re
maining heat content of the same
steam delivered for other uses,
similarly calculated—B. t. u. mil
lions: ------------)†

Pounds of B. t. u. over
water
60° F.
Amount
....................
..................
.................... .................... ..................
-------------

-------------

Heat content of boiler feed water in
month in British thermal units,
over 60° F., except as already
debited this account in condensate
item above................................................................................
Weight, heat content and cost of
boiler feed water............................. ....................
Coal.......................................................
Dry weight.............. ....................
Heat value in B. t. u. --------------B. t. u. added to wa
ter..........................
‡
Percentage boiler ef
ficiency ................. ....................
Expenses of boiler operation.............

....................

.................
.................

--------------- ‡

.................

Credits

Pounds of
steam
Steam account.....................................
Water unaccounted for--------- % .

B. t u. over
60° F.

Amount

---------------

♦ Must be divided if steam is generated at different pressures for different purposes.
† Procedure described more fully in article following this; also procedure if extracted steam
is used to pre-heat boiler feed water.
‡ This is a balancing figure, being the heat content of steam produced, less the heat content
of the boiler feed water.
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In the foregoing account, exhaust-steam B. t. u. millions used,
and B. t. u. millions in boiler feed water over condensate, are com
parable figures, giving the measure of the recovery of the former
in the latter. Coal and expenses of boiler operation, divided
by B. t. u. millions added by the boiler, give the unit cost of the
latter. The cost of the million B. t. u. in the steam produced is,
of course, given by the closing credit to the account.
The final account is the steam account which is debited in
accordance with the closing credit above. It is credited in ac
cordance with the distribution of steam, first to boiler house
auxiliaries and coal and water expense accounts; then to steam
engines and turbines, steam pumps, and any other users of live
steam. The metering must be sufficient to make the distri
bution of quantities and consequently of thermal units with
serviceable accuracy. The question then arises as to the
pricing of this distribution and I believe a standard cost
figure for the million British thermal units in steam should be
used.
In the following articles I shall have occasion to point out cer
tain disadvantages if the varying cost of steam consequent upon
varying boiler capacities developed, enters into the costs of
power; and again the varying cost of power, due not only to the
same but to accumulating causes, enters into the costs of manu
facture. The matter assumes different aspects in different indus
tries: in the cost accounts of the machine industries there is the
practically inevitable introduction of standard unit costs for
power, before the ultimate determination of the costs of products,
while in the cost accounts of the chemical industries this is not the
case. There is, I believe, only one means of correcting it every
where, namely to use the most carefully determined standard cost
figures, first for the million B. t. u. in steam, and then for the
kilowatt hours of direct and alternating current, and for other
units of power, to credit the accounts for their generated quanti
ties and costs. This, of course, will always leave a balance, debit
or credit, in these accounts. These balances I would close to
special accounts, as steam gains and losses, direct current gains
and losses, alternating current gains and losses, and so on, it
being understood that these titles mean, for example, “alternating current gains and losses from varying loads and varying
efficiencies, in comparison with standards established by the
power engineer.”
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SUMMARY

Is the keeping of such steam accounts as I have described a
heavy undertaking? I think certainly not, but it may be worth
while to re-state briefly what is involved in them, and to make a
comparison in this respect with alternative procedures.
First, there is a particular arrangement of expense accounts
which once established is no more trouble to keep than accounts
for the same expenses arranged any other way. Beyond this the
following are involved:

(a) The weighing, sampling and analysis of coal received
(necessary in any case if one is to know what one is
paying for).
(b) The weighing of coal consumed and sampling for moisture.
(c) The metering of steam produced.
—without both of these there can be no knowledge at all
of the actual efficiency of the boiler plant operations.
(d) An accounting for exhaust steam (containing about 90 per
cent, of the heat in the steam when it left the boilers),
which I believe is absolutely necessary to the economic
control of its production and utilization.
What are the customary measures of boiler plant performance?
The most rough and ready is pounds of water evaporated for the
pound of coal consumed. But this requires weighing of coal to
the boilers, and metering either of water to or steam from the
boilers. And when the result is accurately ascertained it means
very little. What is the quality of the coal, the temperature of
the boiler feed water, the temperature of the steam? Unless all
these are known, pounds of water per pound of coal is of very
indefinite meaning.
There is another and much more exact way of stating boiler
plant performance. Under the normal atmospheric pressure of
14.7 pounds per square inch water boils at 212° F. The steam
produced is of the same temperature. The additional B. t. u.
taken up in the conversion of the water into steam are 970.2,
these being the latent heat of evaporation in steam at 212°. On
this basis, boiler performance for feed water at any temperature,
and steam of any pressure and temperature, is expressed as
“equivalent evaporation from and at 212°.” The actual B. t. u.
in a pound of the steam is taken from the steam tables, and the
B. t. u. in the pound of water entering the boiler (also taken from
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the steam tables and being approximately temperature less 32) is
deducted, and the result is divided by 970.2. The result is what
is called “the factor of evaporation.” The actual pounds of
water evaporated are multiplied by this factor of evaporation, and
the result is “pounds of equivalent evaporation from and at
212°.”* A further step is to take the same figure of B. t. u. in the
pound of steam less the same in the water entering the boiler,
multiply it by the pounds of actual evaporation per pound of coal,
and divide this by the B. t. u. in the pound of coal. The result is
the “percentage of boiler efficiency,” or in other words, the
percentage of recovery in the steam of heat units contained in the
coal consumed. This differs from pounds of water per pound
of coal in this important way: it isolates the boiler performance
and measures it exactly apart from all other conditions.
This is accomplished also, and the result expressed in money
figures, by stating the cost per million B. t. u. added to the
water as received by the boiler, to give the steam delivered by
the boiler.
There is yet another way in which the results of boiler plant
operation have been expressed, namely, by stating each month the
cost per 1000 pounds of steam. This is not quite an exact
expression, for steam varies in heat content, but it is a very useful
figure, for in the individual plant the average steam pressure is
likely to be not very different from period to period, and even as
pressures rise or fall the heat units per pound of steam change very
gradually, the changes in sensible and latent heat respectively
largely offsetting each other. But to determine the cost per
1000 pounds of steam necessitates, of course, an exact coal charge
and an exact statement of steam produced. It does not deal at
all with British thermal units in either. As to the importance,
however, of the British thermal unit accounting, I may quote from
an article on “Ford Practice at River Rouge” in Industrial
Management, March, 1923, that “B. t. u. per kilowatt hour are
known exactly and checked almost hourly.”
All the results stated by all the foregoing methods can be ob
tained by simple calculations from the boilers account as I have
* This, of course, is an exact figure, but the unit used (970.2 B. t. u.) relates to boiler perform
ance only, whereas the British thermal unit (as we have so far seen and later shall see more fully
has significance at every step in these operations. As I understand it, this is the point of the
concluding remark in the following: “The committee on boiler tests of the American Society
of Mechanical Engineers defines the boiler horse power as the equivalent evaporation of 34.5
pounds of water from and at 212° per hour. This is the same as 33,479 B. t. u. per hour. The
use of equivalent evaporation is rapidly becoming obsolete.” (Marks' Mechanical Engineers’
Handbook, page 1126.)
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outlined it above.
*
The single determination of the cost of
1,000,000 B. t. u. in the steam surpasses them all either in exact
ness or comprehensiveness. The only thing involved in the plan
of accounts that I have outlined that is not involved in any of the
foregoing is the accounting for exhaust steam, which I believe is
imperatively necessary, and inescapable if there is to be an un
broken accounting for values.
Beyond the various determinations of chemists and engineers
incorporated in the foregoing accounts, there are other determina
tions (particularly those expressed in the engineer’s heat balance
sheet) which can scarcely be introduced into the accounts at all.
Nevertheless, no figures relative to the operations can be really
foreign to any other figures relative thereto. Data from the
engineer’s records and from the accounting records, with one
notation from still another source, should be combined to give a
monthly summary in which conditions and results can be read
together. For example:

(a) The weight of coal consumed, the average analysis and the
average cost per ton.
(b) The most significant figures relative to capacities developed
by the boilers operated, singly if possible.
(c) The total steam production expressed in thousands of
pounds and millions B. t. u.
(d) The cost of steam per 1000 pounds and per million
B. t. u.
(e) The engineer’s heat balance sheet for the month, if a con
tinuous balance is produced,† or a representative heat
balance sheet for a test period, or both.
(f) A memorandum by the works superintendent (or a sum
mary thereof), checked by the power plant engineer, of
interruptions of or deficiencies in the supply of power,
attributable to steam plant operation.
The relations between boiler capacities developed (in comparison
with “ratings” and “economical loads”) and the various econ
* As regards the first, the boilers account shows the dry weight of coal, and the weight of
steam which is the same as the weight of water evaporated. As regards the second, all the
necessary factors are available, if when weight and B. t. u. contents are stated for coal, water
as fed to the boilers, and steam, the B. t. u. per pound of each of these is noted in the account.
As regards the money figure here this also is clearly given. As regards the third, this is a simple
calculation from the closing credit in the boilers account.
† “A system of periodical heat balance of continuous operation,” Gibson, Industrial Manage
ment, December, 1925.

273

The Journal of Accountancy
omies of operation, are dwelt upon everywhere by power plant
engineers. The engineer’s heat balance sheet takes the difference
between the B. t. u. in the coal, and the same recovered in the
steam, and accounts for this difference according to the various
channels of loss.
These monthly summaries should then be tabulated in compara
tive form for the year. In the course of the two articles to follow
they will be added to, so that in the end they will embrace the
monthly unit costs of power in every form, and various figures
of comparative economies by which the variations in ultimate
costs are explained. It is not intended that they shall include
tabulations of detailed operating expenses, for the compiling of
which the accounts afford the fullest facilities, and which may be
compiled elsewhere in whatever form and to whatever extent
may be thought desirable. It is intended however that they shall
state all final results and the essential conditions which determine
them, with all attainable simplicity and clearness. And they
will not have this character unless they are the product of the
power department organization, of which the power accounting
should be an integral part.
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